The high-risk population and current lack of knowledge regarding appropriate infection prevention in the long-term care (LTC) setting has contributed to substantial rates of resistance and healthcare-associated infections in this arena. More evidence-based research on LTC is necessary, particularly now that the elderly population is increasing.
INTRODUCTION
The elderly population in America is now the fastest growing population in the United States [1]. A recent cross-sectional analysis of all emergency department (ED) visits in elderly US adults reported infectious-disease-related causes account for 13.5% of all visits, a higher burden than for myocardial infarction and congestive heart failure combined [2 & ]. In 2011, the financial burden of pneumonia and septicemia alone in patients younger than 65 years accounted for a direct cost of over $30 billion; this number is expected to increase with the rising elderly population [3] .
The risk of developing a healthcare-associated infection (HAI) increases linearly with age; a 2011 prevalence study reported a 11.5% HAI prevalence rate in patients over the age of 85, which decreases significantly with younger age (11.27% in 75-84 group, 10.64% in 65-74, and 7.37% in patients under the age of 65) (P ¼ 0.004) [4] (summarized in Table 1 ). Although surgical site infections account for the largest proportion of HAIs in the less than 65 years group, HAIs in the elderly are primarily attributed to urinary tract infections (UTIs) and Clostridium difficile. The overall burden of HAIs in nursing homes is now estimated to exceed that of acute care facilities [5] .
Between 2012 and 2050, the population aged 65 and over is projected to rise to 83.7 million, almost double its estimated population of 43.1 million in 2012 [1] . This shift will likely be accompanied by a
INFECTION PREVENTION AND LONG-TERM CARE
Burden of multidrug-resistant organisms in long-term care Multidrug-resistant organisms (MDROs), including methicillin-resistant Staphylococcus aureus (MRSA) and antibiotic resistant Gram-negative rods, are now more common in LTC facilities (LTCFs) than in acute care [6 & ], and the need to address this problem has never been more critical. (Table 2) , and new acquisition is common [9]; these facilities and long-term acute care hospitals now serve as reservoirs for resistant organisms in the community.
The LTC environment is uniquely suited to development and transmission of multidrug resistance. Most residents in LTC have extensive histories of healthcare exposure, and many have chronic in-dwelling devices, such as feeding tubes or urinary catheters. Older age alone has been identified as a risk factor for colonization with MDROs, and the elderly are the vast majority in LTC [10] . The nursing home environment itself can pose challenges in terms of infection control and prevention. Although it is relatively easy in acute care facilities to screen, isolate, and cohort patients colonized with MDROs, this is difficult in LTC, wherein patients regularly dine together and participate in communal activities. Compounding these issues is a dramatic overuse of antibiotics in the LTC setting; 47-79% of nursing home residents have been reported to receive at least one round of antibiotics in the course of a year [10], and nursing home residents are more likely to receive antibiotics at least once than any other medication [6 & ].
Infection prevention programs in long-term care
The unique environment of LTCFs may require a different approach to infection prevention than what has been established and tested in acute care facilities. Although active surveillance for MDROs is common in acute care, many LTCFs lack the financial resources necessary to support this practice. Knowledge of colonization with MDROs in LTC may itself lead to more questions -the LTC serves a dual function as a home and a place for medical care, making it difficult to institute strict isolation precautions and cohort patients to distinct areas as is often done in acute care facilities. Significant knowledge gaps in terms of education of the infection preventionists in LTCFs likely also contribute to the difficulty in instituting effective programs in this arena; among personnel in acute care facilities,
KEY POINTS
The LTC population is increasing, and HAIs in these facilities now exceed those of acute care facilities.
Preventing transmission in LTC may be better achieved by targeting high-risk patients with indwelling catheters or pressure ulcers or during certain patient care activities.
Improved antibiotic stewardship programs are a necessity in LTC, as antibiotic overuse is common; there may be significant benefits to involving a specialized infectious disease physician in antimicrobial decisionmaking in nursing homes.
Although antibiotic administration is high in the last 2 weeks of life, it has been associated with decreased comfort in treated patients. There is an increasing need to evaluate and discuss patient goals and palliative care in order to avoid unnecessary interventions and further cultivate antimicrobial resistance. ]. Preemptive use of gowns and gloves was instituted for those with indwelling devices, along with active surveillance for MDROs and a formal interactive infection prevention education program for nursing home staff. The intervention resulted in a 23% reduction in the prevalence density rate for all MDROs in patients with indwelling devices. New acquisition of MRSA was significantly reduced (hazard ratio 0.78; P ¼ 0.01) as well as clinically defined catheter-associated urinary tract infection (CAUTI) (hazard ratio 0.54;
] further evaluated the risk of transmission of multidrug resistance through care-based activities in the nursing home environment. Transmission of MRSA was evaluated by culturing the gowns and gloves of healthcare workers after specific care activities were performed on nursing home residents. Transmission varied significantly depending on the care provided; high-risk care activities associated with greater transmission rates included dressing, transferring, providing hygiene, changing linens, and toileting the resident (odds ratio > 1.0, P < 0.05). Low-risk activities (odds ratio < 1.0, P < 0.05) involved providing medications and performing glucose monitoring. The study also showed that residents with chronic skin breakdown or pressure ulcers were more likely to transmit MRSA during high-risk activities than those without potentially identifying another high-risk resident on which to focus interventions.
A shift towards defining specific care-based interactions and resident risk factors which may increase the risk of transmission of MDROs may be more practical for the LTC setting. Active surveillance for MDROs in the LTC setting remains controversial. A recent RCT evaluated the impact of screening and decolonizing for MRSA in nursing home residents; although the prevalence of MRSA carriage declined in both the control and the intervention groups, there was no statistically significant difference with the intervention [14 & ], suggesting that universal screening may not contribute to significant reduction in prevalence of MRSA in the nursing home setting. The use of barrier precautions in LTC, where colonization status is often unknown, may be more feasible if reserved for patients deemed as 'high-risk' (those with in-dwelling catheters or pressure ulcers) or during high-risk activities rather than for those colonized with MDROs, as is the practice in acute care facilities.
PREVENTING INFECTION
Infection in the LTC population is associated with significant morbidity and mortality, high hospital readmission rates, and considerable healthcare expenditures [15 & , [16] [17] [18] . Pneumonia remains one of the most important infections leading to complications in LTC. A study from Japan found a positive correlation between high salivary bacterial counts in nursing home residents and the incidence of pneumonia [7 & ], suggesting that intensive oral care regimens to reduce oral bacterial burden may help to prevent the onset of respiratory disease. Despite these promising results, meta-analyses have not shown significant overall benefit of enhanced oral care for the prevention of pneumonia in ventilated patients [19,20 & ]. A recent pilot study instituting twice daily chlorhexidine rinses and upright positioning during feeding for nursing home residents was terminated for futility when the intervention showed no significant reduction in the incidence of pneumonia [21 & ]. The US Department of Health and Human Services declared the reduction of hospital-acquired infections in LTC a national priority in 2013 [22] . UTIs were cited as a main area requiring focus as a result of the high rates of mis-diagnosis and associated unnecessary antibiotic use for these infections [22, 23] . The Agency for Research and Quality (AHRQ) subsequently formulated a new initiative to reduce CAUTI in LTC. The initiative, proposed in 2015, includes both a clinical education component as well as a socio-adaptive component created to enhance safety culture in the nursing home [15 & ]. Program effectiveness will evaluate changes in 
ANTIBIOTIC STEWARDSHIP
Antibiotics account for 20% of the adverse drug events reported in nursing homes. The risk of infection with C. difficile, a pathogen identified as an ''urgent'' threat by the CDC in 2013, is amplified eight-fold following treatment with a suspected UTI [24] . C. difficile is increasingly prevalent in nursing homes, and is associated with significant morbidity and mortality. Most recent data evaluating the burden of disease reported a national incidence of 112 800 cases of nursing home onset C. difficile infection; 28% of these patients were admitted to the hospital within 7 days of the positive specimen, with 19% recurrence of infection, and 8% mortality rate within 30 days [25 & ]. Several prospective studies have shown that almost half of all antibiotic courses prescribed in nursing homes are unnecessary [26] [27] [28] . A recent open cohort study performed across 607 nursing homes in Canada assessed the risks of antibiotic overuse by evaluating the frequency of antibiotic-related harms including C. difficile, antibiotic resistant organisms, allergic reactions, and general adverse events occurring in nursing homes classified as high, medium, or low antibiotic use (defined as use days per 1000 resident days) [8 && ]. The research revealed a 24% increase in antibiotic-related harms (including emergency department visits and hospitalizations related to C. difficile infections) in patients residing in high use homes (P < 0.001). Each additional day of antibiotic use in a facility was associated with a 0.4% increased risk of antibiotic-related harm for the resident, and this individual-level risk extended to patients residing in high-risk homes who did not even directly receive antibiotics. It also showed a dramatic variability in prescribing practices across nursing homes, with a 10-fold variation in the rate of antibiotic use between low and high use homes.
Attempts to institute effective antibiotic stewardship programs in LTCFs have been made [29-31,32 & ], however the ideal approach remains unclear. A difference in staffing and patient care goals between LTCF and acute care facilities make it difficult to apply the same antibiotic stewardship program principles used in acute care to long-term facilities [33] . Doernberg et al. [34 & ] instituted an antimicrobial stewardship program targeting the use of antibiotics for UTIs in three LTCFs; the intervention included a weekly prospective audit and consultation with an infectious disease pharmacist and infectious disease physician for all antibiotics prescribed for UTIs. Only 25% of the residents who were started on antibiotic therapy for UTI met clinical criteria for therapy; the intervention resulted in a 26% reduction in antibiotic prescription for UTIs; however, it did not show significant differences in the rate of resistant organisms or C. difficile infection. Another recent study in a veterans affairs LTCF implemented a formal on-site infectious disease consultation service with review of antimicrobial prescribing and on call specialists regarding appropriate prescribing practices; this resulted in a 30% reduction in antibiotic administration (P < 0.001) as well as a significant decline in C. difficile (P ¼ 0.04) [35 && ]. A study implementing antimicrobial stewardship via the use of telemedicine in a long-term acute care facility was promising: infectious disease physicians and pharmacists reviewed antimicrobial prescription remotely and intervened via telemedicine, with a postintervention significant reduction in total antimicrobial usage and healthcare acquired C. difficile infection [36 && ]. Much of the difficulty in formulating effective antibiotic stewardship programs in LTC stems from the challenge of establishing a firm diagnosis of infection in nursing home residents. Older residents often have complicating comorbidities, blunted fever responses, or vague systemic symptoms, which make definitive diagnosis problematic [10,36 && ,37,38]. The most common infection leading to inappropriate antibiotic therapy is UTI, which accounts for 30-56% of antibiotics prescribed, with up to one-third of these prescriptions for residents with asymptomatic bacteriuria [39] . Although the Society for Healthcare Epidemiology of America (SHEA) endorsed minimum clinical criteria for the initiation of antimicrobial therapy in nursing home patients back in 2001 [26] , analysis shows that these guidelines are not often followed; a recent review of nursing homes in Boston reported that 78% of suspected and treated UTIs did not meet the minimum criteria for therapy [39] .
REDUCING ANTIBIOTIC USE IN PALLIATIVE CARE
The need for antimicrobial treatment during comfort care for the elderly has become an increasing focus over the past few years [40 & ]. Antimicrobials are commonly prescribed to patients that are deemed to be at the end of life even in the absence of adequate clinical symptoms supporting a bacterial infection, with 40% of patients receiving antimicrobials in their last 2 weeks of life [41 && ].
A prospective cohort study of 323 nursing home residents with advanced dementia revealed largely unwarranted overuse of antibiotics; only 44% of patients treated with antimicrobials for suspected infection actually met minimum clinical criteria for antimicrobial treatment initiation. Likely as a result, this group had very high MDRO colonization rates (67%). Acquisition of MDROs was associated with exposure to quinolones (adjusted hazard ratio, 1.89; 95% confidence interval, 1.28-2.81) and thirdgeneration and fourth-generation cephalosporins (adjusted hazard ratio, 1.57; 95% confidence interval, 1.04-2.40) [41 && ]. This cohort was used in another analysis to compare survival and patient comfort scores in the patients who received and did not receive antimicrobial treatment for pneumonia [42] . Patient comfort scores in those treated with antimicrobials were significantly lower than those who were not (P ¼ 0.001), and this discrepancy increased with more aggressive antimicrobial therapy (intravenous vs. oral). Although survival significantly improved in those patients treated with antimicrobials, there was no significant survival benefit in oral vs. intravenous vs. intramuscular therapy, suggesting oral therapy may be preferable for preserved comfort and improved survival if antimicrobial treatment is planned.
There is a growing need to further discuss and evaluate patient care goals upon admission to the nursing home. With the current overuse of antibiotics and evidence that this may be causing discomfort (and adverse effects) for the elderly patient, clear goals regarding the desire for prolonged survival vs. maximal comfort may significantly reduce the use of unnecessary antibiotics in patients who cite comfort as their top priority. Not only could this provide direct patient care advantages, but it may have downstream effects on resistance rates on the elderly population as a whole.
CONCLUSION
The elderly population is increasing exponentially, and HAIs in LTCFs now exceed those of acute care facilities. Preventing transmission in LTC may be better achieved by targeting high-risk patients with indwelling catheters or pressure ulcers or during certain patient care activities. Improved antibiotic stewardship programs are a necessity in LTC, as antibiotic overuse is common; there may be significant benefits to involving a specialized infectious disease physician in antimicrobial decision making in nursing homes. Although antibiotic administration is high in the last 2 weeks of life, it has been associated with decreased comfort in treated patients. There is an increasing need to evaluate and discuss patient goals and palliative care in order to avoid unnecessary interventions and further increase antimicrobial resistance. RCT performed in 12 community-based nursing homes, which implemented a multimodal intervention targeting high-risk nursing home residents with indwelling devices. Results showed a reduction in MDRO prevalence density, MRSA acquisition, and CAUTI infection rates.
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